The synthesis of four bifunctionalized orthogonally N-protected oligosaccharides derived from lactose and mannose, intended as cross-linking derivatives, is described. The amino sugar at the non-reducing end is derivatized with an N-Boc-protected glycine moiety, and further connected 
. The four synthesized orthogonally N-protected oligosaccharides.
Results and discussion
The azido sugar 6 was synthesized starting from the known thioglycoside 5 30 using triflic anhydride followed by NaN 3 displacement, giving the azido functionalized derivative 6 as a crystalline compound in 85% yield (Scheme 1). The synthesis of the lactosides 1-3 (n = 0, 1, 2) (Scheme 2) started from the commercially available lactose monohydrate. In a straightforward six-step manner i.e. acetylation, formation of the bromosugar, phase-transfer substitution at the anomeric center, deacetylation, selective introduction of an isopropylidene group at the 3´4´-position and subsequent protection of the remaining alcohols using BzCl, afforded the crystalline building block 7 31 in 43% yield over six steps. The phase-transfer conditions for introducing the phenyl thioglycosides 32 and the use of TMSCl/2,2-dimethoxypropane in acetone to selectively install the 3´,4´-isopropylidene acetal provides a scalable synthetic route to donor 7 without to resort to purification by chromatography. Utilizing NIS/AgOTf promoted glycosylation of 7 with N-Cbz-2-aminoethanol afforded the crystalline glycoside 8 (n = 0) in 87% yield. Deprotection of the isopropylidene acetal of 8
Scheme 1. Reagents and conditions: (i)
followed by a regioselective glycosylation with azido sugar 6 and final benzoylation of the 4´-hydroxyl group gave the (β 1→3) azido trisaccharide 9 (n = 1) in 81% yield. Although the regioselectivity of the 3-position on galacto-configured epitopes is known, 29, 31 we confirmed this by NMR spectroscopic analysis after benzoylation at the remaining 4´-position. The selectivity depends on the glycosyl donor and promotor used which was earlier found by the group of Oscarson. 33 This extra benzoylation was in agreement with the protection group pattern and also used for the synthesis of compounds 10-13. The target molecule 1 (n = 1) was obtained by deprotection of the benzoates using NaOMe, thereby circumventing intramolecular migration of acyls, followed by subsequent reduction of the azido functionality to the corresponding amine using NaBH 4 and NiCl 2 ·6H 2 O 34, 35 in MeOH. It was found that the order of addition strongly affects the outcome of the reaction. The highest yields were obtained when the NiCl 2 ·6H 2 O was stirred with the azido sugar for 5 min followed by addition of the NaBH 4 and subsequently quenching the reaction using Dowex ® -H + . The amine was then coupled with N-Boc-glycine using a combination of methods 36, 37 with EDC·HCl in MeOH. Initially, the azido group was reduced prior to the deprotection using either PPh 3 or NiCl 2 ·6H 2 O, however, the reduction exclusively resulted in acyl migration, which is consistent with the finding made by Lin et al. 38 Tetrasaccharide 10 (n = 1) was obtained by deprotection of the isopropylidene acetal of compound 8 followed by an NIS/AgOTf-promoted glycosylation with donor 7 and subsequent benzoylation to afford compound 10 in an overall yield of 69%. Applying the protocol described for 9, tetrasaccharide 10 was used to afford the protected azido pentasaccharide 11 (n = 2) in 66%
yield. Finally, target compound 2 (n = 2) was obtained in 64%, using the previously described synthetic protocol for 1. Product 3 was synthesized in 29% yield from 10, via 12 and 13 (69% and 51% yields respectively) using the methods described above. It should be noted that H 2 O had to be added in the glycine derivatization due to poor solubility of the deprotected amino heptasaccharide in MeOH. The H 2 O, in combination with the increased steric hindrance of the amine, is probably the reason why a lower yield was obtained for compound 3 (n = 3) (cf. 1 (65%), 2 (64%) and 3 (29%) (Scheme 3). The mannoside 15 39, 40 was obtained in 45% yield by well-known procedures (i.e., tritylation, benzoylation, deprotection) starting from the tetraol 14 (Scheme 3). 41 However, to the best of our knowledge the characterization of compound 15 has not been described previously.
Chloroacetylation of the 6-hydroxyl mannoside 15 at -40 °C gave compound 16 in 82% yield.
Conversion to the corresponding bromo sugar followed Koenigs-Knorr glycosylation using
AgOTf as promotor at -30 °C gave disaccharide 17 in 87% yield. A NIS/TfOH-promoted glycosylation at -30 °C with N-Cbz-2-aminoethanol afforded 18 in 82% yield. Treatment with thiourea/2,6-lutidine removed the chloroacetyl group to afford the corresponding 6-hydroxyl acceptor, which was subsequently glycosylated with azido donor 6 using NIS/AgOTf to give compound 19 in 85% yield. The conditions for the final three-step conversion were in accordance with the protocol previously described for the synthesis of 1, 2 and 3 resulting in the target trisaccharide 4 in 62% yield.
Conclusions
The function of biologically conjugated motifs for e.g. biosensing strongly depends on the cross linker. We have demonstrated the synthesis of oligosaccharides, with variable lengths and flexibility, as possible bifunctional cross-linking structures (1) (2) (3) (4) . Common problems associated with the synthesis of the traditionally used PEGs/OEGs are purification and low crystallinity.
Efficient synthetic protocols have been developed to produce the crystalline building blocks 6, 7
and 8. The synthetic pathway developed is straightforward, using known transformations and crystalline intermediates and may therefore be applied on larger scale providing alternative compounds to the commonly used OEGs/PEGs. Furthermore, these oligosaccharides have the potential to serve as well-defined, biocompatible spacers for biophysical model systems. Finally these oligosaccharides provide a relevant model system that enables investigations of cross-linker influence on biological studies.
Experimental
General procedure CH 2 Cl 2 and toluene were distilled over calcium hydride and collected onto pre-activated 4 Å MS. 
2-(N-Benzyloxycarbonyl)-aminoethyl (2,6-O-benzoyl-3,4-O-isopropylidene-β-Dgalactopyranosyl)-(1→4)-2,3,6-tri-O-benzoyl-β-D-glucopyranoside (8)
Compound 
2-(N-Benzyloxycarbonyl)-aminoethyl (4-N-azido-4-deoxy-2,3,6-tri-O-benzoyl-β-Dglucopyranosyl)-(1→3)-(2,4,6-tri-O-benzoyl-β-D-galactopyranosyl)-(1→4)-(2,3,6-tri-Obenzoyl-β-D-glucopyranosyl)-(1→3)-(2,4,6-tri-O-benzoyl-β-D-galactopyranosyl)-(1→4)-

2,3,6-tri-O-benzoyl-β-D-glucopyranoside (11)
Compound 10 (4.00 g, Without further purification the compound was dissolved in MeOH (10 mL) and NiCl 2 ·6H 2 O (~1 mg) was added and stirred for 5 min followed by the addition of NaBH 4 (11 mg, 0.28 mmol). 
2-(N-Benzyloxycarbonyl)-aminoethyl (4-deoxy-4-N-tert-butyloxycarbonyl-glycyl-β-Dglucopyranosyl)-(1→3)-(β-D-galactopyranosyl)-(1→4)-(β-D-glucopyranosyl)-(1→3)-(β-Dgalactopyranosyl)-(1→4)-β-D-glucopyranoside (2)
Compound
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